Ajuga reptans L. (Labiatae) is native to Europe, and has been used as a traditional vulnerary.
Ajuga reptans L. (Labiatae) is native to Europe, and has been used as a traditional vulnerary. 1) This plant has been reported to contain iridoids, 1, 2) diterpenoids, [3] [4] [5] [6] [7] ecdysteroids, [8] [9] [10] and anthocyanins.
11) The present paper describes the isolation and structural elucidation of four new iridoid glucosides (1-4) along with four known iridoid glucosides (5) (6) (7) (8) , one known diterpenoid glycoside (9) , one known aliphatic alcohol glycoside (10) , and three known ecdysteroids (11) (12) (13) , as well as the antioxidative activities of 9.
Dried whole plants of A. reptans were extracted with methanol (MeOH). This extract was successively subjected to Diaion HP20, silica gel, and Chromatorex octadecyl silica (ODS) column chromatography as well as HPLC using ODS to yield 13 compounds (1-13).
Compounds 5-13 were identified as reptoside (5), 12) harpagide (6), 12) 6-epi-acetyl harpagide (7), 13) acetyl harpagide (8) , 12) ajugaside A (9), 14) 1-octen-3-ol 3-O-glucopyranosyl-(1→2)-[O-arabinopyranosyl-(1→6)]-glucopyranoside (10), 15) ajugalactone (11) , 9) 20-hydroxyecdysone (12) , 16) and 20-hydroxyecdysone 3-acetate (13), 16) respectively, based on their physical and spectral data (Fig. 1) .
Compound 1, tentatively named ajureptaside A, was obtained as a syrup, and exhibited an [MϩNa] ϩ ion peak at m/z 477 in the positive-ion FAB-MS. The molecular formula of 1 was determined to be C 18 (Tables 1 and 2 , respectively) were assigned with the aid of 1 H-1 H correlation spectroscopy (COSY), heteronuclear multiple quantum coherence (HMQC), and heteronuclear multiple bond correlation (HMBC) spectra. The planar structure of 1, which was an iridoid glucopyranoside whose aglycone moiety (Agl) possessed three hydroxyl groups at C-4, C-5, and C-6, one methoxy group at C-3, and one acetoxy group at C-8, could be determined as illustrated in Fig. 2 . The relative configurations at C-1, C-3, C-4, C-5, C-6, C-8, and C-9 of Agl were concluded to be S*, R*, R*, S*, R*, S*, and S*, respectively, on the basis of the nuclear Overhauser and exchange spectroscopy (NOESY) spectrum, in which key correlations were observed between H-1 of Agl and H 3 -10 of Agl; H-4 of Agl and H-6 of Agl; and H-4 of Agl and H 3 -10 of Agl, as shown in Fig. 3 , and by analysis of the coupling constants (J H-1-H-9 0 Hz; J H-3-H-4 8.0 Hz) between H-1 and H-9; and H-3 and H-4 in the 1 H-NMR spectrum. Acidic hydrolysis of 1 gave D-glucose, which was confirmed by optical rotation using chiral detection in HPLC analysis, and the coupling constant of the signal due to the anomeric proton [d 4.73 (d, Jϭ8.0 Hz)] indicated the mode of glycosidic linkage of the glucopyranosyl group to be b. Consequently, the structure of 1 was concluded to be 8-Oacetyl-4b-hydroxy-3a-methoxy-dihydroharpagide. Compound 2, tentatively named ajureptaside B, was obtained as a syrup, and had an [MϩNa] ϩ ion peak at m/z 431 in the positive-ion FAB-MS. The molecular formula of 2 was determined as C 17 H 28 O 11 by HR-positive-ion FAB-MS. The 1 H-and 13 C-NMR spectra were imposable on those of 1, except for the lack of signals due to one each of methoxy group, oxygenated methine group, and acetal group and the appearance of signals due to two more methylene groups, one of which possessed an oxygen atom. These signals were assigned with the help of 2D-NMR techniques as in the case of 1, and the planar structure of 2 was elucidated ( Vol. 59, No. 8 the NOESY spectrum of 2 (Fig. 3) . Although the configurations at C-5 and C-9 in 2 have not been confirmed, taking account of a biogenetic point of view, it is probably the same as those of 1 and 5-8. Thus 2 was considered to be 8-O-acetyldihydroharpagide. Compound 3, tentatively named ajureptaside C, was obtained as a syrup. The positive-ion FAB-MS of 3 showed an [MϩNa] ϩ ion peak at m/z 401. The molecular formula of 3, indicated by the HR-positive-ion FAB-MS, was C 16 In the same manner as that for 1, these 1 H-and 13 C-NMR signals were examined in detail, and the planar structure of 3 was elucidated as shown in Fig. 2 . The stereostructure of 3 was characterized on the basis of the NOESY spectrum, in which correlations were observed between H-1 of Agl and methoxy protons; H-1 of Agl and H 3 -10 of Agl; and H-6 of Agl and H 3 -10 of Agl (Fig. 3) . On acidic hydrolysis, 3 gave D-glucose, and the b-glycosidic linkage was determined based on the coupling constant of the signal due to the anomeric proton in the 1 H-NMR spectrum. Therefore, the structure of 3 was concluded to be 4,5-anhydro-3a-methoxy-dihydroharpagide.
Four New Iridoid Glucosides from Ajuga reptans
Compound 4, tentatively named ajureptaside D, was obtained as a syrup, and positive-ion FAB-MS indicated an [MϩNa] ϩ ion peak at m/z 529. The molecular formula of 4 was determined to be C 21 Tables 1 and 2 by techniques similar to those of 1, suggesting that 4 is an iridoid diglucopyranoside as illustrated in Fig. 2 . Furthermore, acidic hydrolysis of 4 also gave D-glucose, and the coupling constants of the signals due to the anomeric protons indicated the mode of glycosidic linkages of both glucopyranosyl groups to be b. Moreover, correlations between H-1 of the glucosyl group (Glc) and C-1 of Agl, and between H-1 of the other glucosyl group (GlcЈ) and C-5 of Agl were observed in the HMBC spectrum of 4, and those between H-1 of Agl and H-1 of Glc; H-1 of Agl and H 3 -10 of Agl; and H-9 of Agl and H-1 of GlcЈ were also observed in the NOESY spectrum of 4. Thus, the structure of 4 was concluded to be 5-O-b-D-glucopyranosyl-teuhircoside.
As far as we know, 1-4 are new iridoid glucosides, and 7, 9, 10, and 13 are known compounds that have been isolated for the first time from Ajuga reptans.
During the course of our studies on natural antioxidants from several plant resources, [17] [18] [19] the antioxidative properties of 9 was evaluated using superoxide anion (O 2 Ϫ ) radical scavenging assay, nitrogen oxide (NO) scavenging assay, 1,1-diphenyl-2-picrylhydrazyl (DPPH) radical scavenging assay, hydrogen peroxide (H 2 O 2 ) scavenging assay, and metal chelating assay on ferrous ion. Due to the phenolic structure associated with 9, we speculated a potent antioxidant property of this molecule. Compound 9 showed obvious scavenging effects against DPPH radical and H 2 O 2 with IC 50 values of 278.0 mM and 147.2 mM, respectively; however, it indicated a lesser extent of antioxidant properties on metal chelating, NO scavenging, and O 2 Ϫ radical scavenging assays (Table 3) . Data shown represent meanϮS.D. derived from four determinations. The final concentration of each sample tested was 0.50 mM.
Experimental
All the instruments and materials used were the same as those cited in a previous report, 19) unless otherwise specified. Plant Material Ajuga reptans L. was cultivated in Kumamoto prefecture, Japan, and was harvested in May 2008, and identified by one of authors (T. Nohara). A voucher specimen has been deposited at the laboratory of Natural Products Chemistry, School of Agriculture, Tokai University.
Extraction and Isolation The dried and cut whole plant of A. reptans (220.8 g) was extracted with MeOH (5.5 lϫ3) at room temperature, and the solvent was removed under reduced pressure to give a syrup. The MeOH extract (36.01 g) was chromatographed over Diaion HP20 column (H 2 66 g), 8 (3.82 g ), and fractions (frs.) 1-14. Fraction (fr.) 3 (1.25 g) was subjected to Chromatorex ODS column chromatography (40% MeOH, 50% MeOH, 60% MeOH, 70% MeOH, 80% MeOH, 90% MeOH, MeOH) to afford frs. 3.1-3.7. HPLC [COSMOSIL 5C18 AR-II, Nacalai Tesque, Inc., 20 mm i.d.ϫ250 mm (Column 1), 45% MeOH] of fr. 3.4 (168 mg) furnished 11 (24 mg) and 13 (11 mg). Frs. 6 (0.14 g) and 7 (0.20 g) were each subjected to HPLC (Column 1, 40% MeOH) to afford 5 (19 mg) from fr. 6 and 12 (45 mg) from fr. 7. Frs. 10 (0.52 g), 11 (0.11 g), and 12 (0.38 g) were each subjected to HPLC (Column 1, 30% MeOH) to give 2 (5 mg), 7 (89 mg), and 8 (370 mg) from fr. 10, 7 (14 mg) and 8 (34 mg) from fr. 11, and 3 (6 mg), 6 (52 mg), and 1 (3 mg) from fr.12. Chromatography of fr. 13 (0.67 g) over Chromatorex ODS column (40% MeOH) furnished frs. 13.1-13.9. Fr. 13.1 (938 mg) was subjected to HPLC (Column 1, 20% MeOH) to afford 6 (184 mg) and 4 (38 mg). HPLC (Column 1, 50% MeOH) of fr. 13.3 (168 mg) yielded 9 (19 mg) and 10 (23 mg).
Ajureptaside A (1) C-NMR spectral data: see Table 2 .
Ajureptaside B (2) 1 H-NMR spectral data, see Table 1. 13 C-NMR spectral data, see Table 2 .
Sugar Analysis Compounds 1-4 (each 1 mg) were each heated in 2 M HCl (1 ml) at a temperature of 95°C for 1 h. The reaction mixture was extracted with AcOEt. The aqueous layer was neutralized with Amberlite MB-3 (Organo Co.) and then evaporated under reduced pressure to give a monosaccharide fr. This fr. was analyzed by HPLC under the following conditions: column, Shodex RS-Pac DC-613, Showa Denko, 150 mmϫ6.0 mm; solvent, CH 3 Assay of Scavenging Effect on O 2 ؊ ؊ Radical The O 2 Ϫ radical scavenging effect was measured by using the phenazine methosulfate (PMS) b-nicotinamide adenine dinucleotide (reduced form) (NADH) system according to previously described methods. 20, 21) Briefly, the reaction was started by the addition of NADH into the assay mixture containing nitroblue tetrazolium (NBT) plus test sample, then allowed to proceed for 10 min at room temperature. The absorbance of the resulting solution was measured at 570 nm. Trolox was used as a standard sample.
Assay of Scavenging Effect on NO The NO scavenging effect was measured by using the Griess method based on the spontaneous NO generation from sodium nitroprruside (SNP). 21, 22) Briefly, the reaction was started by the addition of SNP freshly prepared into the assay mixture containing test sample, allowed for 150 min incubation at room temperature. Thereafter, Griess reagent was added and the resulting solution was measured at 550 nm. Trolox was used as a standard sample.
Assay of Scavenging Effect on DPPH Radical
The DPPH radical scavenging effect was measured based on the following method. 23) Briefly, the reaction was started by the addition of DPPH into the assay mixture containing test sample, then allowed to proceed for 30 min at room temperature. The absorbance of the resulting solution was measured at 517 nm. Trolox was used as a standard sample.
Assay of Scavenging Effect on H 2 O 2
The H 2 O 2 scavenging effect was measured using the H 2 O 2 -dependent, horseradish peroxidase (HRP)-mediated phenol red oxidation system. 21, 24) Briefly, the reaction was initiated by the addition of phenol red and HRP into the assay mixture containing H 2 O 2 plus test sample, allowed to proceed for 10 min at room temperature. The resulting solution, terminated with sodium hydroxide, was measured at 610 nm. Trolox was used as a standard sample.
Assay of Chelating Effect on Ferrous Metal Ions
The ferrous-ionchelating effect was measured based on the following method. 25) Briefly, the reaction was started by the addition of ferrozine into the assay mixture containing test sample and ferrous chloride, then allowed to proceed for 10 min at room temperature. The absorbance of the resulting solution was measured at 562 nm. Ethylenediaminetetraacetic acid (EDTA) was used as a standard sample.
